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Abstract. We present two catalogues of galaxies in the 
direction of the rich cluster ABCG 85. The first one in- 
cludes 4,232 galaxies located in a region ±1° from the clus- 
ter centre. It has been obtained from a list of more than 
25,000 galaxy candidates detected by scanning a Schmidt 
photographic plate taken in the Bj band. Positions are 
very accurate in this catalogue but magnitudes are not. 
This led us to perform CCD imaging observations in the 
V and R bands to calibrate these photographic magni- 
tudes. A second catalogue (805 galaxies) gives a list of 
galaxies with CCD magnitudes in the V and R bands for 
a much smaller region in the centre of the cluster. 
These two catalogues will be combined with a redshift cat- 
alogue of 509 galaxies (Durret et al. 1997) to investigate 
the cluster properties at optical wavelengths (Durret et 
al. in preparation), as a complement to our previous X- 
ray studies (Pislar et al. 1997, Lima-Neto et al. 1997). 
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1. Introduction 

ABCG 85 is a very rich cluster located at a redshift 
z=0.0555. We performed a detailed analysis of this cluster 
from the X-ray point of view, based on Einstein IPC data 
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(Gerbal et al. 1992 and references therein). In the optical, 
no photometric data were available at that time, except for 
an incomplete photometric catalogue by Murphy (1984), 
and about 150 redshifts were published in the literature 
only after we completed our first X-ray analysis (Beers 
et al. 1991, Malumuth et al. 1992). We therefore under- 
took a more complete analysis of this cluster, with the aim 
of obtaining both photometric and redshift data at opti- 
cal wavelengths and better X-ray data from the ROSAT 
data bank (Pislar et al. 1997, Lima-Neto et al. 1997). We 
present here our photometric data. The redshift catalogue 
is published in a companion paper (Durret et al. 1997a) 
and the analysis of all these combined optical data will be 
presented in Paper III (Durret et al. in preparation). 

2. The photographic plate data 

2.1. Method for obtaining the catalogue 

We decided to obtain a photometric catalogue of the 
galaxies in the direction of the Abell 85 cluster of galax- 
ies by first processing the field 681 in the SRC- J Schmidt 
atlas. This blue glass copy plate (IIIaJ+GG385) was in- 
vestigated with the MAMA (Machine a Mesurer pour 
l'Astronomie) facility located at the Centre d'Analyse des 
Images at the Observatoire de Paris and operated by 
CNRS/INSU (Institut National des Sciences de l'Univers). 
In order to also get information on the neighbouring 
galaxy distribution, the central 5° x 5° area has been 
searched for objects using the on-line mode with the 10 /mi 
step size available at that time. The involved algorith- 
mic steps are well-known. They can be summarized as 
follows : first a local background estimate and its vari- 
ance are computed from pixel values inside a 256 x 256 
window, then pixels with a number of counts higher than 
the background value plus three times the variance are 
flagged, which leads to define an object as a set of con- 
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nected flagged pixels; an overlapping zone of 512 pixels 
is used in both directions for each individual scan. Al- 
though this method may appear rather crude, its efficiency 
is nevertheless quite high for properly detecting and mea- 
suring simple and isolated objects smaller than the back- 
ground scale. The region where ABCG 85 is located is not 
crowded by stellar images (&n — — 72°), so that most of 
the objects larger than a few pixels can indeed be detected 
this way. The result was a list of more than 10 5 objects dis- 
tributed over the ~ 25 square degrees of the field bounded 
by h 31 mn 30.4 s < a < h 53 mn 10.6 s and -12°18T9.43" 
< 5 < -7°05T3.88" (equinox 2000.0, as hereafter), with 
their coordinates, their shape parameters (area, elliptical 
modelling) and two flux descriptors (peak density, sum of 
background-subtracted pixel values). 

The astrometric reduction of the whole catalogue was 
performed with respect to 91 stars of the PPM star cat- 
alogue (Roeser & Bastian 1991) spread over the field, us- 
ing a 3 rd -order polynomial fitting. The residuals of the fit 
yielding the instrumental constants were smaller than 0.25 
arcsecond and the astrometry of our catalogue indeed ap- 
pears to be very good, as confirmed by our multi-object 
fibre spectroscopy where the galaxies were always found 
to be very close (< 2.0 arcseconds, i.e. 3 pixels) to the 
expected positions. 

Since the required CCD observations were not avail- 
able at that time, a preliminary photometric calibration 
of these photographic data has been done using galaxies 
with known total blue magnitude. The magnitude of stars 
is certainly much easier to define, but such high-surface 
brightness objects suffer from severe saturation effects on 
Schmidt plates when they are bright enough to be included 
in available photometric catalogues. So, 83 galaxies were 
selected from the Lyon Extragalactic Database (LEDA) 
in order to compare their magnitude to their measured 
blue flux. A small region around each of these objects 
was scanned and this image has been used: i) to iden- 
tify the object among its neighbours within the coordi- 
nate list and ii) to assess the quality of the flux value 
stored in the on-line catalogue with respect to close, over- 
lapping or merged objects. The 74 remaining undisturbed 
objects identified with no ambiguity came from eight dif- 
ferent catalogues in the literature. Whatever the intrin- 
sic uncertainties about the integrated MAMA fluxes are, 
systematic effects were found with respect to the parent 
catalogue in a flux versus magnitude plot, as well as dis- 
crepancies for some objects between the LEDA and the 
Centre de Donnees Astronomiques de Strasbourg (CDS) 
databases. Consequently, three catalogues including 12 ob- 
jects were removed and the LEDA magnitude of 5 ob- 
jects was replaced by a CDS value which seems in better 
agreement with their aspect and with the overall trend 
when compared to similar objects. Later, 7 objects far 
from the overall trend were discarded. These successive 
rejections resulted in a set of 55 objects distributed over 
a six magnitude range. The magnitude zero-point for our 



photographic catalogue was obtained by plotting the flux 
of these objects against their expected magnitude. A rms 
scatter of 0.34 mag was computed around the linear fit. 

2.2. Classification of the objects 

Most of the diffuse objects included in our main catalogue 
were automatically selected according to their lower sur- 
face brightness when compared to stars. As usual for glass 
copies of survey plates, the discrimination power of this 
brightness criterion drops sharply for objects fainter than 
approximately 19 th magnitude, and so does the complete- 
ness of the resulting catalogue if no contamination is al- 
lowed for. The number of galaxy candidates brighter than 
this limit within the investigated area appeared, however, 
to be already large enough to get a much better view of the 
bright galaxy distribution than using the deeper but very 
incomplete catalogue published by Murphy (1984). More- 
over, including faintest objects was not necessary for the 
redshift survey of the Abell 85 cluster of galaxies we were 
planning (see Durret et al. 1997). Hence, no attempt was 
done to reach a fainter completeness limit. Nonetheless, in 
order to select galaxies, the decision curve which has been 
computed in the Flux vs. Area parameter space was fitted 
to the data so that some objects identified by Murphy from 
CCD frames as faint galaxies were also classified as galax- 
ies by us. Next, a further test based on the elongation was 
performed in order to reject linear plate flaws or artefacts, 
as well as to pick bright elongated galaxies first classified 
as stars due to strong saturation effects. Finally, spurious 
detections occuring around very bright stars (area greater 
than 10 3 pixels) due to a wrong estimate of the local back- 
ground were tentatively removed by checking their loca- 
tion with respect to these bright objects. In this way, a list 
of more than 25,000 galaxy candidates over the 25 square 
degrees of our SRC- J 681 blue field was obtained. 

The distribution of these galaxies is displayed in Fig. [j] 
for objects brighter than Bj = 19.75. The Abell 85 cluster 
is clearly visible, as well as several other density enhance- 
ments which are mostly located along the direction defined 
by the cluster ellipticity. 

2.3. Completeness and accuracy of the classification 

The differential luminosity distribution of the galaxy can- 
didates indicates that the sample appears quite complete 
down to the Bj = 19.75 magnitude (see Fig. |J). To go 
further, we first tested the completeness of this overall list 
by cross-identifying it with three catalogues from the lit- 
erature (Murphy 1984, Beers et al. 1991, Malumuth et al. 
1992) with the help of images obtained from the mapping 
mode of the MAMA machine. It appeared that: i) all but 
one galaxy of the Malumuth et al. (1992) catalogue of 165 
objects are actually classified as galaxies, with a mean 
offset between individual positions equal to 1.10 ± 0.06 
arcsecond ; ii) 94% of the 35 galaxies listed by Beers et 
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Fig. 1. Spatial distribution of the 11,862 galaxies brighter than B.j = 19.75 in the SRC-J 681 field. The large overdensities are 
indicated by superimposed isopleths from a density map computed by the method introduced by Dressier (1980) with N = 50 ; 
eleven isopleths are drawn from 850 to 2,850 galaxies/square degree. 



al. (1991) inside the area are included in our catalogue, 
only 2 bright objects which suffer from severe saturation 
being misclassified. Note that such an effect also caused 
5 of the 83 galaxies chosen as photometric standards to 
be misclassified, which gives the same percentage as for 
the sample by Beers et al. The comparison with the faint 
CCD catalogue built by Murphy (1984) in the so-called 
rp band (quite similar to that obtained using a photo- 
graphic IIIaF emulsion with a R filter) was performed 
only for objects which were visible on the photographic 
plate with secure identification (only uncertain X and Y 
coordinates are provided in the paper) and classified with- 
out any doubt as galaxies from our visual examination. 
There remained 107 objects out of 170, among which 88 
are brighter than Bj ~ 19.75 (rp ~ 18.5). Down to this 
flux limit, 82 objects (~ 93%) are in agreement, thereby 
validating the choice of our decision curve in the Flux vs. 



Area parameter space. These cross-identifications there- 
fore indicate that the completeness limit of our catalogue 
is about 95% for such objects, as expected from similar 
studies at high galactic latitude. 

In order to confirm this statement and to study the ho- 
mogeneity of our galaxy catalogue, we then decided to ver- 
ify carefully its reliability inside the region of the Abell 85 
cluster of galaxies itself. The centre of ABCG 85 was as- 
sumed to be located at the equatorial coordinates given in 
the literature, a = h 41 mn 49.8 s and 5 = -9°17'33.", and 
a square region of ±1° around this position was defined; 
such an angular distance corresponds to ~ 2.7 Mpc 
at the redshift of the cluster (z — 0.0555). However, let us 
remark that the position of the central D galaxy is slightly 
different, a = h 41 mn 50.5 s and 5 = -9°18'11.", and so is 
the centre we found from our X-ray analysis of the dif- 
fuse component of this cluster, i.e.: a — h 41 mn 51.9 s and 
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S = -9°18'17." (Pislar et al. 1997). For all our future stud- 
ies, we then chose to define the cluster centre as that of 
this X-ray component. 

The distribution of the ~ 4,100 candidates within the 
area has been first of all visually inspected to remove re- 
maining conspicuous false detections around some stars 
as well as some defects mainly due to a satellite track 
crossing the field. This cleaned catalogue contains a little 
more than 4,000 galaxy-like objects, half of which brighter 
than Bj = 19.75. The intrinsic quality of this list has 
then been checked against a visual classification of all the 
recorded objects within a ± 11 '25" area covering the re- 
gion already observed by Murphy (1984) around the loca- 
tion a = h 41 mn 57.0 s and S = -9°23'05". The inspection 
of the corresponding MAMA frame of 2048 x 2048 pixels 
enabled us to give a morphological code to each object, 
as well as to flag superimposed objects and to deblend 
manually 10 galaxies (new positions and flux estimates for 
each galaxy member). Of course, the discrimination power 
of this visual examination decreases for star-like objects 
fainter than Bj = 18.5 (rp ~ 17.3) due to the sampling 
involved (pixel size of 0.67"), and an exact classification 
of such objects appeared to be hopeless above the a priori 
completeness limit of our automated galaxy list guessed 
to be Bj = 19.75. Down to this limit, our results can be 
summarized as follows : i) ~94% of the selected galax- 
ies are true galaxies (including 7 multiple galaxies and 2 
mergers with stars) , while 4% may be galaxies ; ii) 7 gen- 
uine galaxies are missed (4%). Since these contamination 
and incompleteness levels of 5-6% were satisfactory, we 
decided to set the completeness limit for our automated 
galaxy catalogue at this magnitude Bj = 19.75. 

2-4- The photographic plate catalogue 

For objects fainter than our completeness limit, the visual 
check of the inner (± 11'25" ) part of our object list has en- 
abled us to confirm the galaxy identification of 135 galaxy 
candidates as well as to select 214 misclassified faint galax- 
ies. The total number of galaxies included in the visual 
sample down to the detection limit is 541, whereas the 
initial list only contains 338 candidates within the same 
area. Keeping in mind that both catalogues are almost 
identical for objects brighter than Bj = 19.75, we decided 
to replace the automated list by the visual one inside this 
± 11'25" central area. Note that about 150 objects re- 
mained unclassified, including 26 galaxies from the CCD 
list by Murphy. We added these 26 galaxies to the final 
catalogue whose galaxies are plotted in Fig. [| 

Table 1 lists the merged catalogue of 4,232 galaxies 
obtained from the SRC- J 681 plate in the ±1° field of 
ABCG 85, with V and R magnitudes computed using the 
transformation laws obtained from our CCD data (see 
§3.3). This Table includes the following information : run- 
ning number ; equatorial coordinates (equinox 2000.0) ; 
ellipticity ; position angle of the major axis ; Bj, V, and 



R magnitudes ; X and Y positions in arcsecond relative 
to the centre defined as that of the diffuse X-ray emission 
of the cluster (see above) ; cross-identifications with the 
lists by Malumuth et al. (1992), Beers et al. (1991) and 
Murphy (1984). 

3. The CCD data 

3.1. Description of the observations 

The observations were performed with the Danish 1.5m 
telescope at ESO La Silla during 2 nights on November 2 
and 3, 1994 (the third night was cloudy, and this accounts 
for the missing fields in Fig. ^). A sketch of the observed 
fields is displayed in Fig. ^. Field 1 was centered on the 
coordinates : 00 h 41 mn 46.00 s , -9°20T0.0" (2000.0). There 
was almost no overlap between the various fields (only a 
few arcseconds). The Johnson V and R filters were used. 
Exposure times were 10 mn for all fields; 1 mn exposures 
were also taken for a number of fields with bright objects 
in order to avoid saturation. The detector was CCD =/^28 
with 1024 2 pixels of 24 ^m, giving a sampling on the sky of 
0.377"/pixel, and a size of 6.4x6.4 arcmin 2 for each field. 
The seeing was poor the first night : 1.5-2" for fields 1 
and 2, 2-3" for field 3 (in which consequently the number 
of galaxies detected is much smaller), and good the sec- 
ond night : 0.75-1.1" . On the other hand, the photometric 
quality of the first night was better than that of the second 
one. However, the observation of many standard stars per 
night made a correct photometric calibration possible even 
for the second night as indicated by a comparison with an 
external magnitude list : the photometric catalogues from 
the six fields have the same behaviour for both nights (see 
e.g. Fig. 8). 

3.2. Data reduction 

Corrections for bias and flat-field were performed in the 
usual way with the IRAF software. Only flat fields ob- 
tained on the sky at twilight and dawn were used; dome 
flat fields were discarded because they showed too much 
structure. 

Each field was reduced separately. The photometric 
calibration took into account the exposure time, the time 
at which the exposure had been made, the color index (V- 
R), the airmass, and a second order term including both 
the color index and airmass. The photometric character- 
istics of both nights were estimated separately. 

Objects were automatically detected using the task 
DAOPHOT/DAOFIND. This task performs a convolution 
with a gaussian having previously chosen characteristics, 
taking into account the seeing in each frame (FWHM of 
the star-like profiles in the image) as well as the CCD read- 
out noise and gain. Objects are identified as the peaks of 
the convolved image which are higher than a given thresh- 
old above the local sky background (chosen as approxi- 
mately equal to 4 a of the image mean sky level). A list 



E. Slezak et al.: A photometric catalogue of galaxies in the cluster Abell 85. 



5 



of detected objects is thus produced and interactively cor- 
rected on the displayed image so as to discard spurious 
objects, add undetected ones (usually close to the CCD 
edges) and dispose of false detections caused by the events 
nagged in the previous section. Since exposure times were 
the same in V and R, the number of objects detected in 
the R band is of course much larger. 

We used the package developed by O. Le Fevre (Le 
Fevre et al. 1986) to obtain for each field a catalogue with 
the (x,y) galaxy positions, isophotal radii, ellipticities, ma- 
jor axis, position angles, and V and R magnitudes within 
the 26.5 isophote. Star-galaxy separation was performed 
based on a compactness parameter q determined by Le 
Fevre et al. (1986, see also Slezak et al. 1988), as described 
in detail e.g. by Lobo et al. (1997). We chose q=1.45 as 
the best separation limit between galaxies and stars; very 
bright stars were classified as galaxies with this criterion 
and had to be eliminated manually. After eliminating re- 
peated detections of a few objects, we obtained a total 
number of 805 galaxies detected in R, among which 381 
are detected in V. The errors on these CCD magnitudes 
are in all cases smaller than 0.2 magnitude, and their rms 
accuracy is about 0.1 magnitude; these rather large val- 
ues are due to the bad seeing during the first night and 
to pretty poor photometric conditions during the second 
night. 

Positions of the galaxies detected in the R band rel- 
ative to the centre defined above are displayed in Fig. |[ 
Notice the smaller number of galaxies detected in field 3 
due to a sudden worsening of the seeing during the expo- 
sure on this field. The astrometry of this CCD catalogue 
is accurate to 1.5-2.0 arcseconds as verified from the av- 
erage mutual angular distance between CCD and MAMA 
equatorial coordinates for 174 galaxies included in both 
catalogues. 

The histogram of the R magnitudes in the CCD cata- 
logue is displayed in Fig. |(| It will be discussed in detail 
in Paper III (Durret et al. in preparation). The turnover 
value of this histogram is located between R=22 and 
R=23, suggesting that our catalogue is roughly complete 
up to R=22. 

The ( V-R) colours are plotted as a function of R for the 
381 galaxies detected in the V band in our CCD catalogue 
(Fig. 0). Unfortunately, since the observed CCD field is 
small, there are only 50 of these galaxies with measured 
redshifts, and therefore it is not possible to derive a colour- 
magnitude relation from which to establish a membership 
criterion for the cluster. 

3.3. Transformation laws between the photometric systems 

576 stars were also measured on the CCD images and 
used to calculate calibration relations between our pho- 
tographic plate Bj magnitudes and our V and R CCD 
magnitudes. 



For stars: 

Vccd = B 3 - 40.8302 + 3.6656 B } - 0.082567 B] 

R CCD =B } - 10.12663 + 0.430772 B } 
For galaxies where only R is detected: 

Rccd = Bj - 3.03532 + 0.121963 Bj 
For galaxies where both V and R are detected: 

Vccd = B } - 2.13942 + 0.108905 Bj 

Rccd = B 3 - 0.566762(U — R) - 2.29919 + 0.10482 Bj 

The observed R band CCD magnitude Rccd as a 
function of the R magnitude calculated from the pho- 
tographic Bj magnitude is plotted in Fig. || for galaxies, 
showing the quality of the correlation for the six different 
CCD fields, especially for objects brighter than R=19. All 
the CCD fields appear to behave identically. 

3.4- The CCD catalogue 

The CCD photometric data for the galaxies in the field 
of ABCG 85 are given in Table 2. This Table includes for 
each object the following information : running number ; 
equatorial coordinates (equinox 2000.0) ; isophotal ra- 
dius ; cllipticity ; position angle of the major axis ; V and 
R magnitudes ; X and Y positions in arcsecond relative to 
the centre assumed to have coordinates a = h 41 mn 51.90 s 
and 5 = -9°18T7.0" (equinox 2000.0) (this centre was 
chosen to coincide with that of the diffuse X-ray gas com- 
ponent as defined by Pislar et al. (1997) ). 



4. Conclusions 

Our redshift catalogue is submitted jointly in a companion 
paper (Durret et al. 1997). Together with the catalogues 
presented here, it is used to give an interpretation of the 
optical properties of ABCG 85 (Durret et al. in prepa- 
ration, Paper III), in relation with the X-ray properties 
of this cluster (Pislar et al. 1997, Lima-Neto et al. 1997, 
Papers I and II). 
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Fig. 2. Differential magnitude distribution of the 25 10 3 galaxy 
candidates in the SRC-J 681 field. 
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Fig. 3. Positions of the 4,232 galaxies detected on the photo- 
graphic plate relative to the centre of the cluster defined as the 
centre of the diffuse X-ray component. North is to the top and 
East to the left. 
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Fig. 4. Distribution of the fields observed with CCD imag- 
ing. The size of each field is 6.4x6.4 arcmin 2 . Positions are 
drawn relatively to the centre with equatorial coordinates 
a = h 41 mn 46.0 s and 8 = -9°20'10". 
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Fig. 6. Histogram of all the R magnitudes of the galaxies in 
the CCD catalogue. 
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Fig. 5. Positions of the galaxies detected in the R band relative 

to the centre defined as the centre of the diffuse X-ray emission pig _ 7 _ (y _ R) colour ag ft function of R for tfae 3gl galaxieg 



(see text). 



detected in the V band in our CCD catalogue. The 50 galaxies 
indicated with a square are those with redshifts in the interval 
13,350 - 20,000 km s _1 assumed to belong to ABCG 85. 
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Fig. 8. Observed R band CCD magnitude Rccd as a function 
of the R magnitude calculated from the photographic Bj mag- 
nitude. The six different symbols correspond to the six CCD 
fields described above. 



